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Background A

ousands more to be
craft be sent to

» Qur success in confirming 3,500 exoplan
discovered, begs the question: “When )
i te?”

team kicked off in April 20
t gy development requiremel
exp tion mission to an exoplane

* Importance of the mission concept:

forget to consider all of the technolo

« Why a science-driven mission? It be

to an exoplanet compelling?” and w
framework for the future

* Note: This does not argue against precur

« Our Charge: Think out of the box,
to back up our innovative ideas wit

« ‘A Multi-center team was establishet
Institutions - JPL, NASA Ames/ God

isiqral Information -

Wesleyan, SETI, 3 consult ps6s onty © T8

lop a mission concept and
first scientific robotic

mission concept leading the study, we
ed for the mission

rs the question: “What makes a mission
to develop an extensible architectural

arshall/ Glenn, APL, Boston U.,

ing and Discussion ‘i
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Key System Trades

Development
Flight Time Risk Pros Cons Comments

Mission design
Fast flyby Possibly <100y lower Minimum AV requirement Erncounter tirme is too short
Braking st target >100y i high Adeguate encounter Lirmne Twice the AV of fiyby

| Propulsion
NEP “1,000 y

ower large Might fit on a single SLS Requires very high i
Beamed energy sail Possibly S50y SoOwWer very small May require vast infrastructure Ref. Starshot

Fission pulse Possibly 200 y high large Ref. Dyson Orion pr

2
2
2
1

Beamed power EP >S00y high large Might fiton asingle SLS NMay require vast Infrastructure

-~
-

o C

Fusion pulse Possibly 50y very high large Retf. BIS Daedelus

Bussard ramjet Possibly 25y extreme large Minimal propellant required |No aedible concepts

o

Antimatier rocket Possibly 25y extreme large No credible concepts for storing

antimatter or directing thrust

Telecom
Optical com OWer
Large aperture p-wave moderatle Might integrate with a sail Difficult to masintan shape

Power
Radiolsotope low

Fission moderale

Geamed high

Antimatter extreme
- v ) o' ’4’&/ rr—
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Key Mission Concept Requirements - 1€

1. The flight time to the target must be < 50 years pendlng conflrmatlon of a
smtable target , S o R

. Rationale: The mission must be polltlcally and humanly palatable P a g )

2. There shall be meamngful scrence"atq‘rn at Ieast ev'sr’,decade en route to
the'exoplanet. .« - v

*- Rationale: There shoutd be ami sreﬁc nducted durlngt ’f}i‘ght to.the exoplanet.to
mis ?

.
L™ J'

keep the SC|ence comm’unrty engaged -t :
’ . . . ‘s .* '.“ -
3. The prlmary objectlve R e’te conflrm and characterlze
life at the exoplanet el R &
. Ratlonale Per NAS A’ ‘er how the unrverse Works explore

Pre Decusronal lnfonmatlon . For Planning and Dlscussron
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Key Mission Concept Requirements - 2

4. The threshold data shall arrive at Earth 'vvrthm <7O yrs from launch

- *Rationale: The threshold data must come back Wr-thm the professrbnal lifetime of
‘'someone born around Iaunch this’ person can grow up learning about the mission and
be inspired by it, and eventuaIIy qun the team and be ready to mterpret the data when it

comesbacktoEarth \ b .f‘ ‘, A
~ ;v Q)"‘v

5. The fitst bit-of exoplanet scnence d'-ata shall arrrve at,E'al”th 5 =10 yrs after
exoplanet arr|va| A L NS R ’, .

. .
02 - LA, d.. . .

A Nl ‘- *’.\f
6. The exoplanet target S

C Ratronale If the spe \,
) 2c), the exoplane [
years) to.send bac‘\l? |
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ey Mission Concept Requirements - 3¢ 3

7. Per_the 100th anniversary oproIIo thelauneh date shaII be no Iater than

. me 15 2069 . ’ . . :. -.c -.‘ . '_ . : ~ -
. Ratlonale Rep. Cuibe.rson whe |s achamp?pn of-an mters{ellar m|§8|on propbsed thlsl
M" Yy o .
. . S \' ‘»( ’ » y : ’ )
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Key Mission Concept Assumptions @ *

 The exoplanet target has been previously observed and resolved 1000x1000 px|
or to 1 pxl with promising bio-signature lines

« We will have an idea of which instruments to bring and their perforrr.pecifications
« We will have TBD accuracy on the ephemeris '

* We are not Constralned to today’s technology, but there shall be a reasonable,
the needed technology

rying to stay away from "and a miracle occurs...’

Pre-Decisional Information -- For Planning and Discussion
Purposes Only © 2017 All rights reserved.



Key Flndlng

. In response to an early drlvmg questlon
. | s

. What NEVER thls mission compellmg (in terms of sc;'len
respect to what we erl\l\be able to do in a few dec dg
‘large telescopes,-enormous space-based interfege

_mission to'the Solar Grav%Lens Focus 2«

'Theteam determ a{r:r?j lﬁ!at much«olaw!
from reconnaissance missiogSMal
'Earth telescopes or ar misgen i to thi
- science goal: e {E
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To Confirm and Characterlze Llfe

Tms objectife was p nd%&nd drg

|03|gnatures (as W /.them ta

. Recent%apeu1 showed how Proxime
habitable zone, could havean O, at
dueto masave solar wind EXPOSWre

« * The only? metlta‘d teday of. confir

* This drives the mission to at sl | y to brake
and orbit to perform landing ele
turn severely limits our know proﬁul

* This does not preclude precursor flyb
interstellar medium (ISM) and/ or valida

* Exploration of the ISM is a requiged precurs@r
better characterize the ISM env ment to infor

1Schwierteman et al., Jdentifying I!anetary Biosignhature Impostors. Spectral Feat
02/03 Production, Astrophysical Journal Letters 819:L13, 2016, do0i:10.3847/2041-820¢

2 Aside from seeing lights turning on and off in images or SETI contact
3 Pre-Decisional Information -- For Planning and Discussion
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Target Selectlon 1

. W|th over 3000 candidates to select from today, and thousands more
~“In the future, selection crlterla for choosmg the tar planet will be
Important |

B
-
-

~» These criteria wi e with our understandihg of life ahd habitability |

plementation of large near-Earth te
Astronomy and Astrophysics roadmap

S that are currently i In the

* A mission to the Solar Gravity Lens Focus is a hly desired, If not

required, for characterization

Pre-Decisional Information -- For Planning and Discussion

Purposes Only © 2017 All rights reserved. Lo



Target Selection - 2

. Given our knowledge today, the following targeg selection

criteria were suggested:

« Exoplanets that are in their Sun’s Habitable Zone 02!
. Exoplanets Wi Earth masses (rocky planets with ‘a decent
cha =, >

e_,sola.r' radiation as our Earth |
lus at least 1 pixel image of

ets that experience rou
etection of a biosignature from the ex
the exoplanet (ideally 1000 x 1000 pixel im
* The current age and expected lifetime of the s

have had a chance to form
« Current thinking is that the star should be at least [4-5] Byr old

* The exoplanet’s star should be close to a G2V Class (

ildbe such that life will

Pre-Decisional Information -- For Planning and Discussion
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Science Objectlves

» Ultimate objectives will be determlned by Decadal Survey and NJARSYA
‘Working Groups o 1 1R . T

o.' " s ,-'I
. .". v i ’ . . .

.0 ‘.
.\- b A

.
. -

e i AR

‘5 main categorles of smence obje%es suggested ' |

LM
. Pre- DBCLSIOI’\GJ rnfOfnatloﬂ For P|ann|ng and Dlscussmn
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Instrumentation

» First 3 categories can be achieved-with mostly-the same instrumentation (S|m|lar
to Voyager with mformed measurement requwements)

e Science objectives invc‘)lving the solar system of'the target star are numerous and
-involve the typical basic: reconnalssagceltcharaoterlzatlon o;)‘]ectlves that missions

in the solar system have had - -
« Composition and mapping, atmespheiresamoons rlngs dust as e-rQId‘s/ comets, refinements
of size and mass, spin rates, etc, } N THEAT e ’

\. . \ 0'0

.. .

categories Ilsted abeve’
. ArT orbltlng mission: can ‘

Pre DECLSIOHaJ Infommation -- For Planning and Discussion
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» 2-stage light sail for propuIS|on A
* ;Allows stopping -at the exoplanet A ek
» Easiest propulsion technology development path , Lt
~* Only option that doesn’t require m,assu,ve. on-board. power - '
*-Lasers at Earth can be +mproyed K/gr';nlssuon I1fet|m$ ’}‘.-,

. 2 5-m on-board Iasercomm éystem SR, i
* 200-m Ilghtbucketsm space' CREN R . ’
*-Onboard power of 3 5 kao r 100 bifsiseerdownlink - - .

. Autonomous on- bo | L AR

> NEW on- board "j';.‘ ous'n

|‘ " ) P

Iandlng site selectlon and exéc
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Meetings

Session Topic

= IOperations/Autenemy-(Ran out of time)

Pre-Decisional Information -- For Planning and Discussion
Purposes Only © 2017 All rights reserved.




Team@ember Discipline Org Email
Stacy@Veinstein-Weiss |Lead JPL Stacy.S.Weinstein-Weiss@jpl.nasa.gov =
MarcRayman MissionEngineering JPL Marc.D.Rayman®@jpl.nasa.gov
PhilWillems Exoplanets JPL Phillip.A.Willems@jpl.nasa.gov
s/ Les@ohnson Propulsion NASABMSFC |les.johnson@nasa.gov
TimMcElrath Navigation JPL Timothy.P.Mcelrath@jpl.nasa.gov
Meravi@pher ISMBcience Boston mopher@bu.edu
SethRedfield ISMBcience Wesleyan sredfield@wesleyan.edu
RobertBhotwell 7XThieflEng JPL robert.f.shotwell@jpl.nasa.gov
RalphMcNutt Interstellar@Physicist APL Ralph.McNutt@jhuapl.edu
Tupperfyde MissionEng/Bystems@nalysis NASARGSFC  [tupper.hyde@nasa.gov
John@Brophy Propulsion JPL john.r.brophy@jpl.nasa.gov
LeonAlkalai Strategic@®lanning JPL leon.alkalai@jpl.nasa.gov
NitinRArora Mission@esign JPL Nitin.Arora@jpl.nasa.gov
SlavalTuryshev Astrometry JPL turyshev@jpl.nasa.gov
Mike@hao Astrometry JPL michael.shao@jpl.nasa.gov
Abi@Biswas Laser@omm JPL Abhijit.Biswas@jpl.nasa.gov
Dave@Voerner Power JPL david.f.woerner@jpl.nasa.gpv
InsooRlun Environments JPL Insoo.Jun@jpl.nasa.gov
Hoppy@rice SystemlEngineering JPL humphrey.w.price@jpl.nasa.gov
JohnBkok ResourcefJtilization ARC/BETI john.r.skok@nasa.gov
Ruslan@elikov Exoplanets ARC ruslan.belikov-1@nasa.gov
DougfTaldwell Exoplanets ARC/BETI douglas.caldwell@nasa.gov
Jen@lank Astrobiology/@nstrumentation ARC jennifer.g.blank@nasa.gov
Carol®toker Life@n@ExtremeEnvironments ARC carol.r.stoker@nasa.gov
Eduardo@Bendek Exoplanethar.Anstrumentation |ARC eduardo.a.bendek@nasa.gov
JohnTallas Exoplanets®ffice JPL John.L.Callas@jpl.nasa.gov
Robert#Frisbee Advanced@®ropulsion JPLAret.) frisbeedrbob@aol.com
EricBMamajek EXEP@eputy@ProgramBcientist JPL Eric.Mamajek@jpl.nasa.gov
LouFriedman MissionBArchitecture JPLAconsultantlouisfriedman@gmail.com
Samuel@Harrison Student ISU samuel.m.harrison@nasa.gov
GaryBenneltt €-DecisionpowkramiPropuision |anning and|BéwsukERt!  |useresgd282 @aol.com
Robertataldo UA@gwer Y © 2UL7 AllTIgNTS resenigiasamslenn  |robert.l.cataldo@nasa.gov
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Intelligent Life?

* A Solar Gravity Lens mission with-10 km imaging resolutlon could plausibly detect
artificial illumination, if present. -

- ‘However, the exoplanet may'be a World Where there IS not yet advanced
intelligent life to produce electric light..-

- -Intelligent life capable ofproducrng lights adro Srgnals structutes, € c- only recently appeared
‘on the Earth and so there-is-a low chanc oﬂ ding life i in that te

* Those technologies have only existed on,Earth for about'100 ye r.s< 90 for the Earth,
advanced intelligent life. has only bgen detectgble on a world v%th-a measurable bio-signature

for 1 part in. 5 million’ (~2x10~7) A SR N e

* Thus, as a proxy for other’ exo worlds IS, thersris .' very smaﬂ I|keI|hood of finding
advanced life, and there i | 'Q’f candldate exo-worlds available

within®d5 LY.

. Although photosynth i
free O2 in the Earth’ S atn
less than 1 BY. .= =

[arte: ;\fﬁle'aét 3.5'B'Y ago, the presence of
tential bio-signature) has been present for
T 33 B W
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